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ABSTRACT
This case shows that using a rapid palatal expander (RPE) and then a pendulum appliance
anchored to palatal miniscrews is an option for improving treatment management in a noncompliant
patient requiring maxillary expansion and molar distalization in the late mixed dentition. First, an
RPE was used to expand the maxillary arch. Then, a modified pendulum appliance was used to
distalize the maxillary first permanent molars. Optimal positioning of two palatal miniscrews enabled
both appliances to be supported by skeletal anchorage. Treatment was finished using multibracket
fixed appliances, and after 2 years, skeletal Class I as well as dental Class I canine and molar
relationships were achieved. (Angle Orthod. 2020;90:305–313)
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INTRODUCTION
Maxillary molar distalization is a procedure frequent-
ly required in orthodontic patients with Class II
malocclusion. This treatment option is indicated in the
mixed-dentition stage of development1 in normo- or
brachyfacial patterns with deep bite and/or flat profile,
in third molar agenesis cases, and when patients and/
or their parents refuse extraction treatment and the
clinician considers distalization as an ethically accept-
able therapy.2
Patient cooperation is one of the most influential
factors of treatment,3 but unavoidably, it tends to
decrease over time,4–8 resulting in unpredictable
outcomes in patients with extraoral and intraoral
appliances.9 To facilitate distalization, a wide range of
distalizing devices has been developed over the years.
Extraoral devices, such as headgear,10,11 help
overcome most side effects, even if they are invasive,
unesthetic, and highly dependent on the patient’s
active cooperation.12 Hence, alternatives that are not
dependent on patient compliance, such as Carano’s
distal jet,13 repelling magnets,14 the MGBM system,15
and Herbst appliance,16 among others, are preferred by
many clinicians. Of these devices, one of the most
frequently used is Hilgers pendulum,17 presumably
because of its ease of use and fabrication. However,
despite its effectiveness in terms of distalization,18,19 the
pendulum appliance produces some undesirable ef-
fects, such as premolar mesialization and anterior
anchorage loss20 (24%–29% of the space opened
between molars and premolars21).
The growing demand for orthodontic treatment
methods requiring minimal cooperation but maximum
anchorage control has led clinicians to search for
means of achieving bone-supported anchorage.22 After
years of research, miniscrews (as a temporary
anchorage device) have been recognized as a
valuable tool23,24 because of their small size, ease of
insertion and removal, low cost, immediate loading,25
and ability to be safely inserted into different locations
of the alveolar bone.26
Here, a case report is presented in which maxillary
expansion and molar distalization were achieved using
a rapid palatal expander (RPE) and a pendulum
appliance, both anchored in sequence to two palatal
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miniscrews, in a noncompliant patient in the late mixed
dentition. The validity of this treatment option, which
may improve treatment management by increasing
anterior resistance while avoiding undesirable move-
ments and maximizing skeletal effects, is demonstrat-
ed.
Diagnosis and Etiology
A 13-year-old female patient with a chief complaint of
unsatisfactory esthetic appearance of her misaligned
teeth presented for treatment. Extraoral examination
revealed an oval face with slight left mandibular
asymmetry. The lower third of the face seemed to be
slightly reduced. Lip competence was present at rest,
but upon smiling, there was increased exposure of the
incisors. The profile seemed acceptable, but the
nasolabial angle and mentolabial angle appeared to
be slightly increased (Figure 1).
Mandibular deviation toward the left was evident on
opening and closing, and the patient also displayed
atypical deglutition and a lip-sucking habit. Intraoral
examination revealed a late mixed dentition, narrow
maxilla, slight anterior crowding in the upper arch,
multiple lower rotations, and a mandibular dental
midline deviation toward the left (Figures 2 and 3).
Cephalometric data (Table 1) and radiographs
(Figure 4) confirmed a skeletal Class II, Division 2
malocclusion. The vertical dimension showed a hypo-
Figure 1. Extraoral photographs at the beginning of treatment.
Figures 2–3. Intraoral photographs at the beginning of treatment.
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divergent growth pattern (FMA ¼ 15.68). Mandibular
incisor inclination was increased (IMPA ¼ 101.28),
while the inclination of the maxillary incisors was in the
normal range (U1-PP ¼ 106.38). The patient also
showed severe deep bite.
Treatment Objectives
The primary aim of the treatment was to expand the
maxillary arch to promote mandibular advancement in
order to correct the skeletal Class II and improve the
profile. It was also necessary to correct the dental
Class II malocclusion, reduce the increased overjet,
improve the incisor inclination, and reduce the deep
bite through extrusion of the posterior teeth.
To coordinate the arches correctly, overcome the
maxillary transverse deficit, and level the increased
curve of Wilson, maxillary arch expansion was
required. A bone-borne appliance was used so that
the orthopedic force exerted by the appliance would
result in a purely skeletal movement, minimizing
unwanted dental tipping and providing sufficiently
negative torque.
Treatment Alternatives
Four treatment options were considered. The first
involved extraction of the maxillary and mandibular first
premolars to solve the occlusal problem, but this risked
worsening the patient’s profile and would be highly
dependent on her cooperation. The second option was
to extract only two upper premolars. Although this
would have led to acceptable occlusal results, there
would be no change to the patient’s profile. Functional
therapy was also considered to bring about mandibular
advancement and improve the profile. However, the
skeletal effects would have been limited27–29 and
compliance would have been required. Fixed appliance
therapy with intermaxillary elastics could have solved
the occlusal discrepancies with a certain amount of
esthetic improvement, but, in addition to necessitating
the patient’s full cooperation, there would be a high risk
of lower incisor proclination. The fourth option was
therefore the one agreed upon in consultation with the
patient: this involved expansion of the maxillary arch
followed by distalization of the permanent maxillary first
molars, both using skeletal anchorage, and then
finishing by means of multibracket fixed appliances.
Treatment Progress
The most favorable site and direction of miniscrew
insertion were identified on a cone-beam computed
tomography (CBCT) scan (Figure 5). A digital scan of
the upper arch was superimposed on the patient’s
CBCT scan (Figure 6), and a surgical insertion
guide30,31 was custom manufactured. This consisted
of two rigid cylindrical sheaths that ensured that the
head of the miniscrews would be inserted at the correct
angle and to the required depth (Figure 7).
Next, two self-tapping miniscrews (Spider Screw K2
Regular Plus; HdC, Vicenza, Italy)32 were implanted
through the guide, one 11 mm in length and 2 mm in
diameter on the right and one 9 mm in length and 2 mm
in diameter on the left. Then, a hybrid Hyrax RPE33 was
cemented on the teeth and fixed to the miniscrews
Table 1. Cephalometric Assessment Pre- and Posttreatment
Horizontal Skeletal Initial Final Norm
SNA, 8 82.3 81.7 82.0 6 3.5
SNB, 8 76.5 77.3 80.0 6 3.0
ANB, 8 5.8 4.4 2.0 6 2.4
Maxillary skeletal (A-Na Perp), mm 5.4 4.2 0.0 6 3.1
Mandibular skeletal (Pg-Na-Perp), mm 3.5 2.8 4.0 6 5.3
Wits appraisal, mm 3.5 1.2 0.0 6 1
FMA (MP-FH), 8 15.6 18.2 26.0 6 5
MP-SN, 8 29.1 30.7 33.0 6 6
Palatal-mandibular angle, 8 19.7 23.5 28.0 6 6
Palatal-occipital plane, 8 11.6 14.1 10.0 6 4.0
Mandibular plane to occipital plane, 8 8.1 9.3 15.6 6 5.0
U-incisor protrusion (U1-APo), mm 4.2 2.7 6.0 6 2.2
L1 protrusion (L1-APo), mm 1.2 0.4 2.0 6 2.3
U1-palatal plane, 8 106.3 105.4 110.0 6 5.0
U1-occipital plane, 8 62.1 60.5 54.0 6 7.0
L1-occipital plane, 8 70.7 75.8 72.0 6 5.0
IMPA, 8 101.2 94.8 95.0 6 7.0
Figure 4. Initial radiographs.
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Figure 5. Cross section of the maxilla and virtual position of the miniscrews.
Figure 6. Tridimensional digital model of the upper arch with the miniscrews inserted.
Figure 7. Connection bridges between cylindrical guides and template body.
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(Figure 8). The anterior arms of the Hyrax were
soldered to two metal abutments designed to fit the
heads of the miniscrews. The activation protocol was a
one-fourth turn (0.2 mm) once a day, with an overall
activation period of 37 days followed by a 2-month
retention period. The progress was monitored at
monthly intervals.
After 10 months of treatment, the palatal expander
was removed and a new polyvinyl siloxane impression
of the upper arch was taken to fabricate a modified
pendulum appliance.34 The distalizing device (Figure 9)
was composed of a modified palatal acrylic Nance
button (an acrylic plate 1.5- to 2-mm thick) borne by the
miniscrews. The button also supported two 0.032-inch
titanium molybdenum alloy active wire springs, which
were engaged in lingual tubes on the first molar bands.
The springs were activated to approximately 458. At the
end of the seventh month, sufficient space had been
created, owing also to the spontaneous distal drift of
the second premolars due to the action of the
transseptal fibers (Figure 10).
Once a super Class I molar relationship had been
achieved, alignment and leveling of the mandibular
arch was begun with multibracket fixed appliances and
a 0.016-inch nickel-titanium archwire. At the end of this
phase, the two miniscrews were removed from the
palate. Within 2 weeks, the soft tissues had completely
healed.
Then, fixed appliances were bonded to the upper
arch, achieving alignment and leveling by means of a
0.016-inch nickel-titanium archwire, followed by a
0.019 3 0.025-inch nickel-titanium archwire, and a
Figure 8. Rapid palatal expander: (A,B) Pretreatment. (C,D) After midpalatal suture opening.
Figure 9. Modified pendulum appliance.
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0.019 3 0.025-inch stainless-steel archwire for finish-
ing.
Treatment Results
After 2 years of treatment, skeletal Class I was
achieved, as confirmed by cephalometric analysis
(Table 1). Dental Class I canine and molar relation-
ships were also achieved by rotation of the maxillary
first molars around the palatal root, mesial shift of the
lower first molar into the leeway space, and normal
forward growth of the mandible. Overbite and overjet
relationships were ideal. The cephalometric changes
included increases in both vertical face height (FMA ¼
18.28) and mandibular incisor inclination (IMPA¼94.88;
Figures 11–17). Measurements of the arch width
supported the decision to expand the maxillary arch
with an RPE. Improvements in premolar width (38.64
mm before and 43.06 mm after treatment) and molar
width (47.46 mm before and 53.29 mm after treatment)
were measured.
Additional laterolateral teleradiography was not
performed following distalization because it would
have resulted in unnecessary and excessive biological
cost for the patient.
DISCUSSION
Miniscrews can be used to manage different types of
orthodontic mechanics, but a successful technique
depends on the availability of supporting bone. Several
authors have demonstrated that the palatal vault is a
safe26 and suitable site for anchorage35–37 because of
the absence of dental roots, and miniscrews placed in
the paramedian anterior palate have optimal survival
rates.38,39 Although the thickness of the palatal vault
can vary between patients,35,36 it has been shown to be
a safe insertion site26 by many authors.
Kircelli et al.40 used a bone-anchored pendulum
appliance to obtain molar distalization without anchor-
age loss, while Kinzinger et al.41 conducted an in vivo
study employing a bone-anchored distal jet appliance.
They found this to be more hygienic for the palatal
Figure 10. Pendulum. (A) Pretreatment occlusal view. (B) After distalization.
Figure 11. Extraoral photographs at the end of treatment.
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mucosa by eliminating the acrylic button, but they also
obtained an unwanted mesial inward and distal
outward rotations of the molars.
Winsauer et al.42 used a bone-borne Hyrax expander
supported by one or two pairs of miniscrews, success-
fully opening the midpalatal suture. As in the current
case, they found that a bone-borne appliance was a
good option for rapid palatal expansion.
Cozzani et al.43 demonstrated that an implant-
supported maxillary molar distalization appliance
compared favorably with a traditional tooth-supported
distal jet. In the current case, molar distalization was
obtained in a shorter period than that reported by
Cozzani et al.,43 more in line with that reported by
Kircelli et al.40 In this case, a miniscrew insertion guide
was used, which not only ensured a safe and
effortless positioning of the miniscrews into both
cortical layers but also enabled the parallel positioning
of multiple implants.30,31 The surgical insertion guide
proved to be a significant aid in terms of treatment
management, allowing successful achievement of
both transverse expansion and molar distalization,
exploiting the anchorage provided by only two
miniscrews.
Figures 12–14. Intraoral photographs at the end of treatment.
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CONCLUSIONS
 Correction of Class II, Division 2 malocclusion with
transverse discrepancy was successfully, safely, and
reliably achieved without anterior anchorage loss or
the need for patient cooperation. In particular, the
surgical insertion guide enabled determination of the
optimal anteroposterior palatal miniscrew placement
sites, considering the palatal vault thickness and
width, and therefore the optimal deployment of only
two palatal miniscrews to provide skeletal anchorage
for two separate appliances.
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